All relevant result-based data are available within the manuscript and anyone can access the data set online from [www.measuredhs.com](http://www.measuredhs.com).

Background {#sec006}
==========

Maternal health is defined as the health of the women before pregnancy, during pregnancy, during childbirth and the postpartum period \[[@pone.0235538.ref001]\]. Worldwide, maternal mortality was dropped by 44% between the years 1990 and 2015, in which 808 women (99% were from developing countries especially in Sub-Saharan Africa) die every day from preventable causes related to pregnancy and childbirth \[[@pone.0235538.ref002], [@pone.0235538.ref003]\]. Based on the World Health Organization (WHO) report, the maternal mortality ratio in Ethiopia was decreased from 1,250 in 1990 to 353 in 2015, which is sluggish progress \[[@pone.0235538.ref003]\]. Even though the Sustainable Development Goal targeted to reduce the global maternal mortality ratio to less than 70 per 100 000 live births between 2016 and 2030, still it is difficult to achieve this agenda with the current progress \[[@pone.0235538.ref001]\]. So, appropriate and timely Utilization of maternal health services will improve pregnancy outcomes and reduce the death of the mother and the neonate \[[@pone.0235538.ref004]--[@pone.0235538.ref008]\].

Improving maternal health is one of the WHO key priorities and antenatal care (ANC) is one of the four pillars of the initiative for safe motherhood \[[@pone.0235538.ref009]--[@pone.0235538.ref011]\]. Antenatal care during pregnancy is an entry point for pregnant women into the health care system and offers an opportunity to organize the necessary services for ensuring a healthy pregnancy, safe delivery and a healthy mother-baby pair \[[@pone.0235538.ref012], [@pone.0235538.ref013]\].

The WHO recommends a minimum of four ANC contacts to reduce maternal and perinatal mortality with the first visit at a gestational age within 12 weeks \[[@pone.0235538.ref014], [@pone.0235538.ref015]\]. Early or timely initiation of ANC and regular visits based on the schedule have a tremendous effect on both maternal and fetal health \[[@pone.0235538.ref014], [@pone.0235538.ref016]\]. Besides, early ANC visit allows health care providers to screen and treat different maternal and fetal health problems such as malnutrition, sexually transmitted diseases, congenital anomalies, and other pregnancy-related complications as early as possible \[[@pone.0235538.ref009], [@pone.0235538.ref017]--[@pone.0235538.ref019]\]

In spite of all these aforementioned benefits of early initiation of ANC visit and the WHO recommendation of the first ANC visit be within the first 12 weeks of pregnancy, women still do not have adequate and equal access to the high-quality early antenatal care \[[@pone.0235538.ref020]--[@pone.0235538.ref022]\]. Even though the coverage of early antenatal care visit in the world was increased by 43% between 1990 and 2013, only less than half of all women in less developed countries had early antenatal care visit by 2013 \[[@pone.0235538.ref022]\]. Specifically, in Africa, late ANC booking is still a devastating issue which ranges from 44% in Cameroon and 86.6% in Zambia \[[@pone.0235538.ref010], [@pone.0235538.ref023]--[@pone.0235538.ref028]\]. Ethiopia is also one of the developing African countries with a high prevalence of late ANC initiation which ranges from 42% in Addis Ababa to 81.8% in western Wolega \[[@pone.0235538.ref029]--[@pone.0235538.ref039]\].

Different studies across the world revealed factors like maternal education \[[@pone.0235538.ref023], [@pone.0235538.ref027], [@pone.0235538.ref040], [@pone.0235538.ref041]\], maternal age \[[@pone.0235538.ref023], [@pone.0235538.ref027], [@pone.0235538.ref032], [@pone.0235538.ref034], [@pone.0235538.ref037]\], pregnancy intention \[[@pone.0235538.ref023], [@pone.0235538.ref029], [@pone.0235538.ref036], [@pone.0235538.ref040], [@pone.0235538.ref042]\], wealth status/income \[[@pone.0235538.ref028], [@pone.0235538.ref034]\], parity \[[@pone.0235538.ref010], [@pone.0235538.ref025], [@pone.0235538.ref029], [@pone.0235538.ref040], [@pone.0235538.ref042]\], having history of abortion or still birth \[[@pone.0235538.ref010]\], marital status \[[@pone.0235538.ref024], [@pone.0235538.ref025], [@pone.0235538.ref042]\], exposure to mass media \[[@pone.0235538.ref041], [@pone.0235538.ref043]\], distance from the health facility \[[@pone.0235538.ref042], [@pone.0235538.ref043]\], residence \[[@pone.0235538.ref040], [@pone.0235538.ref041]\], health insurance \[[@pone.0235538.ref042], [@pone.0235538.ref043]\] and region \[[@pone.0235538.ref041], [@pone.0235538.ref044]\] are associated with delayed first ANC booking.

Most of the previous studies in Ethiopia, on the timely initiation of ANC visits, are institutionally-based and restricted to specific regions or zones and with small sample size. But this study seeks to use a nationally representative data to determine the prevalence and factors associated with delayed first ANC booking and the findings of this study will help policymakers in the implementation of interventions that will increase the timely initiation of ANC visit and contribute to the promotion of maternal and fetal/neonatal health in Ethiopia.

Method {#sec007}
======

Study setting {#sec008}
-------------

The study was conducted in Ethiopia which is ethno-linguistically classified into nine regional states, two chartered cities, 611 weredas, and 15,000 Kebeles. The regions are administratively divided into zones and zones into woredas (which is the third administrative divisions of Ethiopia). Finally, at level four, woredas are further subdivided into the lowest administrative unit called kebele. Next to Nigeria (with over 180 million people), Ethiopia is the most populous country in Africa with an estimated 100 million people. Almost half of the population of Ethiopia are females with 21% in their reproductive ages \[[@pone.0235538.ref045]\]. Regarding the health care system in Ethiopia, the fourth health sector development plan introduced a three-tier health-delivery service system. The primary health care unities (health posts and health centers) and primary hospitals are at primary level, secondary level services are given by general hospitals, and tertiary services are delivered by specialized hospitals \[[@pone.0235538.ref046]\].

Data source, study population and sampling technique {#sec009}
----------------------------------------------------

This study was based on the Ethiopian demographic and health survey (EDHS) 2016 data which was a nationally representative sample conducted from January 18, 2016, to June 27, 2016. To select enumeration areas for EDHS 2016, a total of 84,915 Enumeration areas (EAs) from an Ethiopian Population and Housing Census (PHC) conducted in 2007 were used as a sampling frame. Regarding the sampling technique, the survey used a two-stage stratified cluster sampling technique selected in two stages. In the first stage a total of 645 EAs (443 in rural areas) and in the second stage an average of 28 households per each cluster were selected. Any further information about the data/survey exists in the 2016 EDHS report \[[@pone.0235538.ref047]\].

For this study, we have used the kids' data set and the study population was women (aged 15 to 49 years) who gave birth five years preceding the survey and attended antenatal care during their last pregnancy. Among women with two and above live births in the previous five years, the information taken correspond to the latest birth.

Study variables {#sec010}
---------------

The outcome variable for this study was delayed first ANC booking which is defined as booking first ANC after 12 weeks of gestation \[[@pone.0235538.ref015]\]. In this study, both individual and community-level independent variables were considered. The individual-level factors included were; maternal age, marital status, maternal educational level, household wealth, media exposure, insurance coverage, parity, ever had of a terminated pregnancy, and pregnancy intention. The four variables, place of residence, region, perception of distance from the health facility and community level media exposure were considered as community-level factors. The community-level variable, community-level media exposure, was obtained by aggregating the individual level media exposure into clusters by using the proportion of those who had media exposure and this community-level media exposure shows the overall media exposure in the community. Median values were used to categorize as high and low because the aggregated variable had skewed distribution. In this study region was recategorized into three categories; larger central \[Tigray, Amhara, Oromia, and Sothern Nations Nationalities and Peoples Region\], small peripherals \[Afar, Somali, Benishangul, and Gambela\], and metropolis\[Harari, Dire Dawa, and Addis Ababa\] based on their geopolitical features, consistent with a previous study from Ethiopia \[[@pone.0235538.ref048], [@pone.0235538.ref049]\] ([Fig 1](#pone.0235538.g001){ref-type="fig"}).

![Conceptual framework of factors associated with delayed first ANC visit developed from searching of literature.](pone.0235538.g001){#pone.0235538.g001}

Data management and statistical analysis {#sec011}
----------------------------------------

Data were extracted from EDHS 2016 and further coding and analysis were done using Stata version 14. Throughout analysis sample weights were done to adjust for non-proportional allocation of the sample to strata and regions during the survey process and to restore the representativeness. A multi-level logistic regression analysis was used to account for the hierarchal nature of the DHS data. First bivariable multilevel logistic regression analysis was performed and those variables with p-value \<0.20 were considered for multivariable analysis.

After selecting variables for multivariable analysis, four models; the null model (without explanatory variables), model 1 (containing only individual-level factors), model 2 (examined the effect of community-level factors) and model 3 (which incorporate both individual and community level factors) were fitted. Since these models were nested, deviance was used to assess the model fitness and the model with lower deviance (model 3) was the best-fitted model. In addition, multicollinearity was tested using the variance inflation factor (VIF) and we have got a VIF of less than five for each independent variable with a mean VIF of 1.89, indicating there was no significant multicollinearity between independent variables.

The random effects (the amount of community variation), which are measures of variation of delayed first ANC visit across communities or clusters, were expressed in terms of the Intra-Class Correlation (ICC), median odds ratio(MOR) and proportional change in variance (PCV) \[[@pone.0235538.ref050]--[@pone.0235538.ref053]\]. These ICC, MOR, and PCV were calculated to quantify; the degree of homogeneity of delayed first ANC booking within clusters, the degree of variation of delayed first ANC booking across clusters in terms of odds ratio scale, and the proportion of variance explained by consecutive models respectively.

Ethical consideration {#sec012}
---------------------

This study is a secondary analysis of the 2016 EDHS data, so it does not require ethical approval. For conducting our study, we registered and requested the dataset from DHS on-line archive and received approval to access and download the data files. According to the EDHS 2016 report, all participant data were anonymized during the collection of the survey data \[[@pone.0235538.ref047]\].

Result {#sec013}
======

Background characteristics of study participants {#sec014}
------------------------------------------------

Data from a weighted sample of 4,741 women aged 15--49 years who gave birth in the five years preceding the survey and who attend ANC visit for their last pregnancy were included in this analysis. The median age of the participants was 28(±9) years. In general, the majority (52.49%) of women were aged between 25 and 34 years, 53.49% of them had no formal education and 93.87% of participants were married. Moreover, 81.56% of women were rural dwellers and 90.34% were from large central regions. Around half (50.30%) of the women were living in communities with a higher proportion of media exposure and 50.26% of women perceive distance from the health facility as a big problem ([Table 1](#pone.0235538.t001){ref-type="table"}).

10.1371/journal.pone.0235538.t001

###### Background characteristics of study participants.

![](pone.0235538.t001){#pone.0235538.t001g}

  Respondent characteristics           Frequency   Percentage
  ------------------------------------ ----------- ------------
      Maternal age(years)                          
      15--24                           1,225       25.84
      25--34                           2,489       52.49
      35--49                           1,027       21.66
  Maternal education                               
      No formal education              2,556       53.90
      Primary                          1,572       33.15
      Secondary                        387         8.16
      Higher education                 226         4.79
  Marital status                                   
      Married                          4,450       93.87
      Not married                      291         6.13
  Household wealth                                 
      Poorest                          787         16.60
      Poorer                           932         19.65
      Middle                           984         20.75
      Richer                           963         20.32
      Richest                          1,075       22.68
  Media exposure                                   
      Yes                              2,722       57.41
      No                               2,019       42.59
  Insurance coverage                               
      Yes                              238         5.02
      No                               4,503       94.98
  Parity                                           
      Primiparous                      1,112       23.45
      Multiparous                      2,084       43.95
      Grand multiparous                1,545       32.60
  Ever had of a terminated pregnancy               
      Yes                              436         90.82
      No                               4,305       9.18
  Wanted last pregnancy                            
      Wanted then                      3,605       76.04
      Wanted later                     820         17.29
      Wanted no more                   316         6.67
  Region                                           
      Metropolitan                     233         4.91
      Large central                    4,283       90.34
      Small peripheral                 225         4.75
  Residence                                        
      Urban                            874         18.44
      Rural                            3,867       81.56
  Community-level Media exposure                   
      Lower                            2,385       50.30
      Higher                           2,356       49.70
  Distance from the health facility                
      Big problem                      2,383       50.26
      Not a big problem                2,358       49.74

Prevalence of delayed first ANC booking in Ethiopia {#sec015}
---------------------------------------------------

In this study the prevalence of early and delayed ANC attendance was 32.69% (31.37--34.04) and 67.31% (65.96--68.63) respectively. Of those who had delayed ANC booking, the majority (41.60%) of study participants had their first antenatal care visit at 4 to 5 months of gestation ([Fig 2](#pone.0235538.g002){ref-type="fig"}).

![Prevalence of delayed first ANC booking in Ethiopia, 2016.](pone.0235538.g002){#pone.0235538.g002}

Random effects and model fitness {#sec016}
--------------------------------

[Table 2](#pone.0235538.t002){ref-type="table"} revealed that in the null model, about 18.5% of the total variation on delayed first ANC booking was occurred at the cluster level and is attributable to the community-level factors. In addition, the null model also had the highest MOR value (2.27) indicating when randomly select an individual from one cluster with a higher risk of delayed first ANC booking and the other cluster at lower risk, individuals at the cluster with a higher risk of delayed first ANC booking had 2.27 times higher odds of having a delayed first ANC booking as compared with their counterparts. Furthermore, the highest (64.1%) PCV in the full model (model 3), indicates that 64.1% of the community-level variation on delayed first ANC booking was explained by the combined factors at both the individual and community levels. The model fitness was done using deviance in which the final model (model 3) was the best-fitted model since it had the lowest deviance (5,746.14).

10.1371/journal.pone.0235538.t002

###### Multilevel parameters showing random effects on delayed first ANC booking and model fitness.

![](pone.0235538.t002){#pone.0235538.t002g}

  Parameter                       Null model     Model 1        Model 2        Model 3
  ------------------------------- -------------- -------------- -------------- --------------
  Community level variance (SE)   0.746(0.096)   0.424(0.070)   0.285(0.058)   0.268(0.058)
  MOR                             2.273          1.857          1.660          1.636
  PCV                             Ref            0.433          0.618          0.641
  ICC                             0.185          0.114          0.080          0.075
  Deviance                        6,044.76       5,858.82       5,808.46       5,746.14

Individual and community-level factors associated with delayed first ANC booking {#sec017}
--------------------------------------------------------------------------------

In the bivariable multilevel modeling, all of the explanatory variables (both individual level and community level variables) except ever had of a terminated pregnancy had shown statistically significant association at a p-value of \<0.20.

In multivariable multilevel logistic regression analysis, where both the individual and community level factors were fitted simultaneously; maternal education, parity, wanted last pregnancy, residence and region were significantly associated with delayed first ANC booking.

The odd of delayed first ANC booking was 22% \[adjusted odds ratio (AOR)  =  0.78; 95%CI: 0.61, 0.99\] and 39% \[AOR  =  0.61; 95%CI: 0.44, 0.83\] lower in mothers who had secondary education and higher education respectively as compared to those mothers who had no formal education. The woman who were multiparous and grand multiparous had 1.21 times \[AOR  =  1.21; 95%CI: 1.01, 1.45\] and 1.50 times \[AOR  =  1.50; 95%CI: 1.16, 1.93\] higher odds of delayed ANC booking as compared to primiparous women. Regarding pregnancy intention/wanted last pregnancy, women with the last pregnancy wanted no more had 1.52 times \[AOR  =  1.52; 95%CI: 1.10, 2.09\] higher odds of delayed first ANC visit as compared to mothers with wanted last pregnancy then.

A woman who was living in the rural area had 1.66 \[AOR  =  1.66; 95%CI: 1.25, 2.21\] times higher odds of delayed first ANC booking as compared with a woman who was living in urban areas. Regarding region, a woman who was living in the large central and small peripheral regions had 2.76 times \[AOR  =  2.76; 95%CI: 2.20, 3.47\] and 2.70 times \[AOR  =  2.70; 95%CI: 2.12, 3.45\] higher odds of delayed first ANC booking respectively, as compared to a woman from the metropolitan regions ([Table 3](#pone.0235538.t003){ref-type="table"}).

10.1371/journal.pone.0235538.t003

###### Multilevel multivariable analysis of factors associated with delayed first ANC booking in Ethiopia, EDHS 2016.

![](pone.0235538.t003){#pone.0235538.t003g}

  Respondent characteristics                       Null model   Model 1 (AOR 95%CI)   Model 2 (AOR 95%CI)   Model 3 (AOR 95%CI)
  ------------------------------------------------ ------------ --------------------- --------------------- --------------------------
  *Individual-level and household level factors*                                                            
  Maternal age(years)                                                                                       
      15--24                                                    1.00                                        1.00
      25--34                                                    0.91(0.76--1.10)                            0.98(0.82--1.18)
      35--49                                                    0.86(0.67--1.12)                            0.96(0.75--1.24)
  Maternal education                                                                                        
      No formal education                                       1.00                                        1.00
      Primary                                                   0.86(0.76--1.02)                            0.90(0.76--1.06)
      Secondary                                                 0.71(0.56--0.91)                            0.78(0.61--0.99)
      Higher education                                          0.53(0.39--0.73)                            0.61(0.44--0.83)
  Marital status                                                                                            
      Not married                                               1.00                                        1.00
      Married                                                   1.19(0.93--1.52)                            1.13(0.88--1.44)
  Household wealth                                                                                          
      Poorest                                                   1.00                                        1.00
      Poorer                                                    1.04(0.83--1.31)                            1.05(0.83--1.31)
      Middle                                                    0.85(0.67--1.08)                            0.85(0.67--1.07)
      Richer                                                    0.93(0.72--1.19)                            0.92(0.72--1.18)
      Richest                                                   0.52(0.41--0.66)                            0.95(0.70--1.29)
  Media exposure                                                                                            
      No                                                        1.00                                        1.00
      Yes                                                       0.90(0.76--1.06)                            0.93(0.78--1.11)
  Insurance cover                                                                                           
      Yes                                                       0.80(0.58--1.12)                            0.75(0.54--1.04)
      No                                                        1.00                                        1.00
  Parity                                                                                                    
      Primiparous                                               1.00                                        1.00
      Multiparous                                               1.26(0.92--1.35)                            1.21(1.01--1.45)
      Grand multiparous                                         1.63(1.26--2.10)                            *1*.*50(1*.*16--1*.*93)*
  Wanted last pregnancy                                                                                     
      Wanted then                                               1.00                                        1.00
      Wanted later                                              1.12(0.92--1.35)                            1.13(0.94--1.37)
      Wanted no more                                            1.49(1.08--2.05)                            1.52(1.10--2.09)
  *Community-level factors*                                                                                 
  Residence                                                                                                 
  Urban                                                                               1.00                  1.00
  Rural                                                                               2.01(1.61--2.51)      *1*.*66(1*.*25--2*.*21)*
  Region                                                                                                    
      Metropolitan                                                                    1.00                  1.00
      Large central                                                                   2.80(2.23--351)       2.76(2.20--3.47)
      Small peripheral                                                                2.85(2.25--3.62)      2.70(2.12--3.45)
  Community-level Media exposure                                                                            
      Lower                                                                           1.00                  1.00
      Higher                                                                          1.03(0.85--1.24)      1.11(0.91--1.37)
  Distance from the health facility                                                                         
      Big problem                                                                     1.00                  1.00
      Not a big problem                                                               0.97(0.84--1.13)      1.02(0.88--1.18)

Discussion {#sec018}
==========

The study attempted to assess the prevalence and associated factors of delayed first ANC booking in Ethiopia. This study reported 67.31% of pregnant women had booked their first ANC late. This finding is consistent with studies done in the Kembata Tembaro zone, Hadiya zone and a study done using EDHS 2011 \[[@pone.0235538.ref031], [@pone.0235538.ref038], [@pone.0235538.ref039]\]. This proportion of pregnant women who booked late was found lower compared to different studies conducted in Africa and Ethiopia \[[@pone.0235538.ref010], [@pone.0235538.ref023]--[@pone.0235538.ref027], [@pone.0235538.ref029], [@pone.0235538.ref034], [@pone.0235538.ref035]\] and higher than different studies conducted in different countries \[[@pone.0235538.ref028], [@pone.0235538.ref030], [@pone.0235538.ref032], [@pone.0235538.ref033], [@pone.0235538.ref036], [@pone.0235538.ref037]\]. The discrepancy might be due to most of the indicated studies are institution-based with small sample size. The way they operationalizing the outcome variable (delayed first ANC booking) might also be the reason for the discrepancy because most of studies having a lower proportion of delayed first ANC booking classified mothers as delayed for booking first ANC if they come after 16 weeks of gestation, while our study classified a mother as being late if she came after 12 weeks. Besides, the discrepancy of this finding with that of the findings of studies conducted out of Ethiopia might be due to socio-demographic and cultural differences.

In this study, we observed that women with secondary and higher education are less likely to have delayed first ANC booking than women with no formal education. This is supported by studies done in Nigeria \[[@pone.0235538.ref027], [@pone.0235538.ref041]\], Myanmar \[[@pone.0235538.ref040]\] and Zambia \[[@pone.0235538.ref023]\] which similarly showed that women with higher education were less likely for delayed first ANC booking. This might be due to the levels and ways of understanding regarding the negative effect of delayed ANC booking is different among women with different levels of education. That is educated women would likely appreciate or know the problems related to delayed first ANC booking more than those who had no formal education.

Parity was a factor for late booking for ANC in which multiparous and grand multiparous mothers were more likely to book late for the first ANC compared to those with primiparous. This finding was similar to those of studies done in Debrebirhan-Ethiopia, Zambia, Myanmar, Rwanda and Tanzania \[[@pone.0235538.ref010], [@pone.0235538.ref025], [@pone.0235538.ref029], [@pone.0235538.ref040], [@pone.0235538.ref042]\]. This might be due to women with more pregnancies previously do not want to start ANC early because they already know what things will happen during pregnancy and childbirth. In addition, they may also find it harder to attend ANC early because of the burden of childcare or they are too busy in caring a larger family to book early. The other possible explanation might be health education received in their previous pregnancies might be ineffective in changing or modifying their behaviors.

In this study, Pregnant mothers with unplanned pregnancy (pregnancy wanted no more) were more likely to book late for ANC than those in which the pregnancy was planned. This finding was agreed with studies done in Addis Zemen-Ethiopia, Debre-Birhan Ethiopia, Myanmar, Zambia, and Rwanda \[[@pone.0235538.ref023], [@pone.0235538.ref029], [@pone.0235538.ref036], [@pone.0235538.ref040], [@pone.0235538.ref042]\]. This might be due to a woman with unplanned pregnancy might have a chance of detecting the pregnancy later or the mother may give less attention and love to this pregnancy. Furthermore, a woman with unwanted pregnancy might not seek appropriate care for their pregnancy and might not be willing to get any information related to ANC from health care professionals and their peers or friends.

The fourth important finding in this study is the role of place of residence in which mothers from the rural residence were more likely to book late for the first ANC compared to their counterparts. This finding is supported by different studies in Myanmar and Nigeria \[[@pone.0235538.ref040], [@pone.0235538.ref041]\]. This is due to mothers who live in rural areas are less likely to utilize maternal health services like timely initiation of ANC because of its inadequate availability and accessibility and due to unequal distribution of health facilities as well as health personnel between the urban and rural areas.

Furthermore, in this study region is also associated with ANC booking. Mothers from large central regions and small peripheral regions were more likely to have late ANC booking as compared to metropolitans. This is congruent with a study done in Nigeria and Wales \[[@pone.0235538.ref041], [@pone.0235538.ref044]\] which showed that region is the uniform and consistent predictors of delay in ANC initiation. This might be due to inadequate and improper or unequal distribution of maternal health services, due to scarcity of resources in poor clinical settings like Ethiopia, in which most of the services are concentrated in near urban areas such as metropolitans or city administrations of Ethiopia.

The main strength of this study was that it used a nationally representative data with large sample size. The other strength was that we employed an advanced and appropriate statistical approach (multilevel analysis) to accommodate the hierarchical nature of the data. However, this study had limitations in that the EDHS survey is relied on respondents' self-report and might have the possibility of recall bias because respondents/mothers were asked to remember things happened in the past. Again, this study only generates associations between delayed first ANC booking and some important individual-level and community-level factors that is limited in its design to establish causality between the outcome of interest and these important independent variables.

Conclusion {#sec019}
==========

Despite the documented benefits of early antenatal care initiation, late ANC booking is still predominant in our country as highlighted by this study. Maternal education, parity, wanted last pregnancy, residence and region were significantly associated with delayed first ANC booking. Therefore, intervention efforts to improve early first ANC booking in Ethiopia requires targeting of these hindering factors by taking special attention to mothers who had no formal education, multiparous and grand multiparous mothers, and mothers with an unwanted pregnancy. Moreover, it is also better to consider mothers from rural areas and mothers from regions other than metropolitans since these groups of mothers might not have access to maternal health services timely.

We are grateful to thank the MEASURE DHS program for permitting us to obtain and use the 2016 EDHS data set.
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When submitting your revision, we need you to address these additional requirements:

1\. Please ensure that your manuscript meets PLOS ONE\'s style requirements, including those for file naming. The PLOS ONE style templates can be found at <http://www.plosone.org/attachments/PLOSOne_formatting_sample_main_body.pdf> and <http://www.plosone.org/attachments/PLOSOne_formatting_sample_title_authors_affiliations.pdf>

2\. In ethics statement in the manuscript and in the online submission form, please confirm whether all participant data were fully anonymized before you accessed them.

3\. We noticed you have some minor occurrence(s) of overlapping text with the following previous publication(s), which needs to be addressed:

<https://doi.org/10.1186/s12905-018-0690-1>

<https://doi.org/10.3390/ijerph16050748>

<https://doi.org/10.1186/s12889-019-6845-7>

<https://www.who.int/reproductivehealth/early-anc-worldwide/en/>

In your revision ensure you cite all your sources (including your own works), and quote or rephrase any duplicated text outside the Methods section. Further consideration is dependent on these concerns being addressed.

4\. Your ethics statement must appear in the Methods section of your manuscript. If your ethics statement is written in any section besides the Methods, please move it to the Methods section and delete it from any other section. Please also ensure that your ethics statement is included in your manuscript, as the ethics section of your online submission will not be published alongside your manuscript.

\[Note: HTML markup is below. Please do not edit.\]

Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Yes

Reviewer \#2: Partly

\*\*\*\*\*\*\*\*\*\*

2\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: Yes

Reviewer \#2: No

\*\*\*\*\*\*\*\*\*\*

3\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

4\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: The manuscript is well written. The analysis is well done. There are some few observations.

Background

Line 74 to 76 needs a reference.

The sentence starting from line 76 to 79 is not clear and need to be revised

Methods

Study setting

A brief discussion about the health care system in Ethiopia who give the reader insight.

Data source and study population

Line 117, the authors said the used the kid's data set of EDHS 2016... my question why did you not use the women's dataset and chose the kid's dataset?

Results

Line 174 to 176 you must be consistent with decimal places

Table 1 there were no values for parity

Line 177 to 180 needs to be revised. It is not clear

Discussion

This section was well written and conclusions were drawn from the results

The manuscript should be proof read

Reviewer \#2: Lines 107-109. The author refers to the Ethiopian Census 2007 as the sampling frame of the EDHS 2016. This may not be very correct as DHS surveys only use the Census data to select Enumeration Areas. Then, a listing exercise is conducted in each selected EA to update the list of households. The updated list of hhds is used to select households to interview. The authors could revise the statement according to this methodology.

A conceptual framework to help readers understand why these variables were included in the study should have supported the description of the study variables

Lines 145-147. Sample weights should be used throughout the analyses, not only for frequencies and for proportions. Could the author clarify whether the multilevel analysis was weighted or not.

Were collinearity checks performed on the independent variables before ruining MV analyses?

The paragraph on the random effects does not add value to the paper; it rather brings statistical information that the author seems struggling to explain properly. The author uses values (va, π) that are not documented in the paper. Furthermore, I would expect the author to first clarify why a random effect model was needed on these data and then explain what those effects (if any) could be referring to in practice.

Presenting the results section by random vs. fixed effects seems to turn the paper to a methodological paper, comparing methods, rather than keeping the focus on describing the factors associated with delayed ANC. In addition, a number of statements in this section are subjective interpretations of statistical models which are not the focus of the paper and not expected in a result section. This section should be entirely rewritten to clearly highly the key results of the analysis that would be discussed later.

\*\*\*\*\*\*\*\*\*\*

6\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#2: No

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.
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Submitted filename: Comments - 1.docx
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Click here for additional data file.
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Author response to Decision Letter 0

13 Mar 2020

Dear Editor thank you for your important comments, here below are the authors responses

When submitting your revision, we need you to address these additional requirements:

1\. Please ensure that your manuscript meets PLOS ONE\'s style requirements, including those for file naming. The PLOS ONE style templates can be found at <http://www.plosone.org/attachments/PLOSOne_formatting_sample_main_body.pdf> and <http://www.plosone.org/attachments/PLOSOne_formatting_sample_title_authors_affiliations.pdf>

Authors response; we followed the PLOS ONE\'s style while writing our revised manuscript

2\. In ethics statement in the manuscript and in the online submission form, please confirm whether all participant data were fully anonymized before you accessed them.

Authors response; the author amended the ethical statement accordingly in the revised manuscript

3\. We noticed you have some minor occurrence(s) of overlapping text with the following previous publication(s), which needs to be addressed:

<https://doi.org/10.1186/s12905-018-0690-1>

<https://doi.org/10.3390/ijerph16050748>

<https://doi.org/10.1186/s12889-019-6845-7>

<https://www.who.int/reproductivehealth/early-anc-worldwide/en/>

In your revision ensure you cite all your sources (including your own works), and quote or rephrase any duplicated text outside the Methods section. Further consideration is dependent on these concerns being addressed.

Authors response; after checking the overlapping texts with given papers, the overlapped texts are re written up or rephrased accordingly in the revised manuscript.

4\. Your ethics statement must appear in the Methods section of your manuscript. If your ethics statement is written in any section besides the Methods, please move it to the Methods section and delete it from any other section. Please also ensure that your ethics statement is included in your manuscript, as the ethics section of your online submission will not be published alongside your manuscript.

Authors response; the ethical statement was in the manuscript, method part, and in the revised manuscript the ethical statement also exists in the methods section of the manuscript

Response to reviewer \[1\]

Dear reviewer \#1, thank you for your constructive comments for the betterment of our paper

1\. Background

Line 74 to 76 needs a reference.

Authors response; references are added in the revised manuscript

The sentence starting from line 76 to 79 is not clear and need to be revised.

Authors response; revised and written in readable/in clear way

2\. Study setting

A brief discussion about the health care system in Ethiopia who give the reader insight.

Authors response; some details are included about the health care systems of Ethiopia in the revised manuscript.

3\. Data source and study population

Line 117, the authors said the used the kid's data set of EDHS 2016... my question why did you not use the women's dataset and chose the kid's dataset?

Author Response; For our study the Population base were "Women who have had one or more births in the 5 years preceding the survey" so we can use either KR (kids data set) or IR (women's data set), the DHS manual/guide also indicates either of this can be used. Whether we use KR or IR data set there is no difference (give the same result). In KR file, the record is for the last birth only if we set Index to birth history (midx) = 1 but in IR dataset there were still unnecessary extra variables (for our study) such as midx_2, \_midx_3, \_\...\_6 , even though we can set midx_1=1, which makes us to extract variables somewhat tedious.

4\. Results

Line 174 to 176 you must be consistent with decimal places.

Authors response; Corrected in the revised manuscript

Table 1 there were no values for parity.

Authors response; Values are added in the revised manuscript

Line 177 to 180 needs to be revised. It is not clear.

Authors response; we critically see it and amend accordingly in the revised manuscript to read as...\... "Considering the characteristics of the community level factors" ...\...

Response to Reviewer \[2\]

Dear reviewer \#2, thank you for your constructive comments you provided for the betterment of our paper

1\. Lines 107-109. The author refers to the Ethiopian Census 2007 as the sampling frame of the EDHS 2016. This may not be very correct as DHS surveys only use the Census data to select Enumeration Areas. Then, a listing exercise is conducted in each selected EA to update the list of households. The updated list of hhds is used to select households to interview. The authors could revise the statement according to this methodology.

Authors response; we amended the sentence ...\... "The sampling frame used for the survey is the Ethiopia Population and Housing Census (PHC), which was conducted in 2007 by the Ethiopia Central Statistical Agency" ...\...to ...... "To select enumeration areas for EDHS 2016, a total of 8,4915 Enumeration areas from an Ethiopian Population and Housing Census (PHC) conducted in 2007 were used as a sampling frame." ....in the revised manuscript.

2\. A conceptual framework to help readers understand why these variables were included in the study should have supported the description of the study variables

Authors response; A conceptual frame work is developed using different factors which are associated with delayed first ANC booking from different literatures by classifying into community and individual level (sociodemographic, pregnancy and maternal health related and behavioral factor) factors.

3\. Lines 145-147. Sample weights should be used throughout the analyses, not only for frequencies and for proportions. Could the author clarify whether the multilevel analysis was weighted or not.

Authors response;

In the descriptive statistics we were used sample weighting to adjust disproportionate sampling, non-response or to restore representativeness. In addition, to get reliable standard error by taking in to account the sample design we calculate the confidence intervals for prevalence using svy set command (weighting for complex survey design) using svyset\[pw=weight\], psu(v021) strata(v023). Even though we applied a multilevel analysis to identify individual and community level factors by taking into account the clustering effect, the multilevel model cannot restore the representativeness of the data. Therefore, we apply sampling weight to restore the representativeness or non-response in the multilevel analysis also. In the revised manuscript we indicate as we done weighting throughout the analysis

4\. Were collinearity checks performed on the independent variables before ruining MV analyses?

Authors response; Even though, Stata is the robust software that automatically remove variables if there is multicollinearity, we also did multicollinearity test between independent variables by using pseudo linear regression analysis using the command "estat vif" and we got the mean VIF of 1.89. Therefore, there was no significant multicollinearity b/n predictor variables.

5\. The paragraph on the random effects does not add value to the paper; it rather brings statistical information that the author seems struggling to explain properly. The author uses values (va, π) that are not documented in the paper. Furthermore, I would expect the author to first clarify why a random effect model was needed on these data and then explain what those effects (if any) could be referring to in practice.

Authors response; we clarify why the random effect model was needed with their explanation by avoiding extra unnecessary descriptions in the revised manuscript.

6\. Presenting the results section by random vs. fixed effects seems to turn the paper to a methodological paper, comparing methods, rather than keeping the focus on describing the factors associated with delayed ANC. In addition, a number of statements in this section are subjective interpretations of statistical models which are not the focus of the paper and not expected in a result section. This section should be entirely rewritten to clearly highly the key results of the analysis that would be discussed later.

Authors response; Even though we remove the random effects part and put only the fixed effect result in a section/title "Individual and community-level factors associated with delayed first ANC booking" (by avoiding sections of random and fixed effect model), in the revised manuscript we critically modify/amend random effect and model fitness part and incorporate in the result section to convince or tell the reader how we were proceed with the multilevel model in order to identify factors associated with delayed first ANC booking, by considering the random effect and model fitness test. But if it does not make sense for you still, we can remove it and rearrange it accordingly.
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9 Jun 2020

PONE-D-19-33776R1

Prevalence and Associated Factors of Delayed First Antenatal Care Booking among Reproductive Age Women in Ethiopia; A multilevel analysis of EDHS 2016 data

PLOS ONE

Dear Mr. Teshale,

Thank you for submitting your manuscript to PLOS ONE. After careful consideration, we feel that it has merit but does not fully meet PLOS ONE's publication criteria as it currently stands. Therefore, we invite you to submit a revised version of the manuscript that addresses the points raised during the review process.

We would appreciate receiving your revised manuscript by Jul 24 2020 11:59PM. When you are ready to submit your revision, log on to <https://www.editorialmanager.com/pone/> and select the \'Submissions Needing Revision\' folder to locate your manuscript file.

If you would like to make changes to your financial disclosure, please include your updated statement in your cover letter.

To enhance the reproducibility of your results, we recommend that if applicable you deposit your laboratory protocols in protocols.io, where a protocol can be assigned its own identifier (DOI) such that it can be cited independently in the future. For instructions see: <http://journals.plos.org/plosone/s/submission-guidelines#loc-laboratory-protocols>

Please include the following items when submitting your revised manuscript:

A rebuttal letter that responds to each point raised by the academic editor and reviewer(s). This letter should be uploaded as separate file and labeled \'Response to Reviewers\'.A marked-up copy of your manuscript that highlights changes made to the original version. This file should be uploaded as separate file and labeled \'Revised Manuscript with Track Changes\'.An unmarked version of your revised paper without tracked changes. This file should be uploaded as separate file and labeled \'Manuscript\'.

Please note while forming your response, if your article is accepted, you may have the opportunity to make the peer review history publicly available. The record will include editor decision letters (with reviews) and your responses to reviewer comments. If eligible, we will contact you to opt in or out.

We look forward to receiving your revised manuscript.

Kind regards,

Joshua Amo-Adjei, Ph.D

Academic Editor

PLOS ONE

Journal Requirements:

We noticed you have not corrected several occurrences of overlapping text with previous publications, which needs to be addressed.

In your revision ensure you cite all your sources (including your own works), and quote or rephrase any duplicated text outside the Methods section. Further consideration is dependent on these concerns being addressed.

Nancy Beam, PhD

Staff Editor

PLOS ONE
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\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.
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Author response to Decision Letter 1

13 Jun 2020

June 13, 2020

Response to editor/reviewers

Title: Prevalence and Associated Factors of Delayed First Antenatal Care Booking among Reproductive Age Women in Ethiopia; A multilevel analysis of EDHS 2016 data

Manuscript number: PONE-D-19-33776R1

Editors comment

We noticed you have not corrected several occurrences of overlapping text with previous publications, which needs to be addressed.

In your revision ensure you cite all your sources (including your own works), and quote or rephrase any duplicated text outside the Methods section. Further consideration is dependent on these concerns being addressed.

Authors response: Dear editor thank you for your concern. We have checked our paper/manuscript in advance and we corrected text overlaps.
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PONE-D-19-33776R2

Dear Dr. Teshale,

We're pleased to inform you that your manuscript has been judged scientifically suitable for publication and will be formally accepted for publication once it meets all outstanding technical requirements.

Within one week, you'll receive an e-mail detailing the required amendments. When these have been addressed, you'll receive a formal acceptance letter and your manuscript will be scheduled for publication.

An invoice for payment will follow shortly after the formal acceptance. To ensure an efficient process, please log into Editorial Manager at <http://www.editorialmanager.com/pone/>, click the \'Update My Information\' link at the top of the page, and double check that your user information is up-to-date. If you have any billing related questions, please contact our Author Billing department directly at <authorbilling@plos.org>.

If your institution or institutions have a press office, please notify them about your upcoming paper to help maximize its impact. If they'll be preparing press materials, please inform our press team as soon as possible \-- no later than 48 hours after receiving the formal acceptance. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information, please contact <onepress@plos.org>.

Kind regards,

Joshua Amo-Adjei, Ph.D

Academic Editor

PLOS ONE
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Reviewers\' comments:

10.1371/journal.pone.0235538.r006

Acceptance letter

Amo-Adjei

Joshua

Academic Editor

© 2020 Joshua Amo-Adjei

2020

Joshua Amo-Adjei

This is an open access article distributed under the terms of the

Creative Commons Attribution License

, which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

23 Jun 2020

PONE-D-19-33776R2

Prevalence and Associated Factors of Delayed First Antenatal Care Booking among Reproductive Age Women in Ethiopia; A multilevel analysis of EDHS 2016 data

Dear Dr. Teshale:

I\'m pleased to inform you that your manuscript has been deemed suitable for publication in PLOS ONE. Congratulations! Your manuscript is now with our production department.

If your institution or institutions have a press office, please let them know about your upcoming paper now to help maximize its impact. If they\'ll be preparing press materials, please inform our press team within the next 48 hours. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information please contact <onepress@plos.org>.

If we can help with anything else, please email us at <plosone@plos.org>.

Thank you for submitting your work to PLOS ONE and supporting open access.

Kind regards,

PLOS ONE Editorial Office Staff

on behalf of

Dr. Joshua Amo-Adjei

Academic Editor

PLOS ONE
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